Background and aims
Introduction
Italy and New Zealand are nearly antipodean countries, i.e. they are almost 1808 apart in longitude but have a closely similar latitude, in the opposite hemisphere. Both countries share a strikingly similar shape, length, area, latitudinal and altitudinal range, and temperate climates. On the other hand, apart from being located in opposite hemispheres, the peninsular nature of Italy contrasts with the fully insular character of New Zealand. This accounts for the shorter length of the Italian coastline (Table 1) . Myers et al. (2000) identified 25 biodiversity hotspots across the world where high concentrations of endemic species occur, together with an exceptional loss of habitats. They include the Mediterranean Basin (with the Italian Peninsula at its centre) and New Zealand. The endemism rate is reported at 52 % for the Mediterranean Basin, and 81 % for New Zealand (Table 2) . It is therefore interesting to compare the biogeography of the two countries, one belonging to the Holarctic and the other to the Australian floral kingdoms (sensu Cox 2001) .
Previous cytological studies show that polyploidy increases with distance from the Equator in both boreal (Lö ve and Lö ve 1957; Hanelt 1966 ) and austral hemispheres (Hair 1966; Hanelt 1966) , and that the lowest percentages of polyploids occur in subtropical and warm-temperate regions (Stebbins 1971 ). However, this does not imply that polyploids are-in absolute terms-more cold tolerant than diploids within a particular region (Levin 2002) . Such a trend has also been observed at a local scale for the Italian indigenous vascular flora, where mean chromosome number increases along a bioclimatic/latitudinal gradient, from warmer to colder areas (Bedini et al. 2011 ).
B-chromosomes (including supernumerary chromosomes or fragments; Battaglia 1964) may occur in addition to the usual chromosome complement of a species (e.g. for Italy, see Corsi and Garbari 1972) . Some authors showed that in certain cases their number and frequency vary across a latitudinal gradient, suggesting a role in ecological adaptation of plants (e.g. for the orchid Listera ovata : Vosa 1969 : Vosa , 1983 Garbari 1972; Vosa and Barlow 1972) . Moreover, Levin et al. (2005) showed that the occurrence of B-chromosomes is not randomly dispersed across angiosperms, while for the same plant group (angiosperms) Palestis et al. (2004) reported a negative correlation between chromosome and B-chromosome numbers. In contrast, such a correlation was not found in an extensive study of the Italian flora (Bedini et al. 2011) .
Chromosome numbers are available for 35 % of Italian (Bedini et al. 2011) and 80 % of the New Zealand indigenous vascular flora (Dawson 2000; de Lange et al. 2006; de Lange and Rolfe 2010 
Materials and methods

Data sources
Chrobase.it (Bedini et al. 2010 onwards) stores the available karyological information on the Italian vascular flora, including chromosome number (n and/or 2n) and B-chromosome occurrence, along with main geographic-administrative data and literature references Garbari 2003, 2004) . As of 4 March 2011, the database consisted of 6756 count records, derived from 1279 literature references. They refer to 2785 accepted species and subspecies, according to the nomenclature of Conti et al. (2005 Conti et al. ( , 2007 . The New Zealand karyological dataset was derived from Dawson (2000 Dawson ( , 2008 and Dawson et al. (2000) : these data comprise 2525 count records, derived from 356 chromosome references of 2071 taxa. This dataset is comparable with the unreferenced chromosome numbers listed by de Lange and Rolfe (2010). Cytotypes were obtained by excluding replicated counts (i.e. the same chromosome number for the same taxon). Any n count was transformed to 2n and then included in the dataset.
Taxonomic and phylogenetic framework
The phylogenetic framework and taxonomic circumscription at order and family levels, as already described in G. Bedini, F. Garbari and L. Peruzzi (unpubl. data) 
Data analysis
Analysis of variance (ANOVA) was used to test statistical differences in chromosome numbers (CNs) among considered groups, after a verification of normal distribution of data (Levene statistics). If data failed the normal distribution test, then a non-parametric test (KruskalWallis) was used. The following data were also calculated for the entire dataset, and for each order: mean CN (+standard deviation) and boxplots, frequency of Bchromosome occurrence and their mean number (+ standard deviation), and CN frequency profiles by histograms.
Results
Chromosome number variation of entire datasets 
Pairwise CN variation among shared orders
A total of 36 out of the 56 considered orders were shared by both datasets, but only 30 of them possessed a sufficient number of cytotypes (i.e. .1 in both datasets) to infer some kind of variation (Table 3) . Sixteen of these 36 orders were statistically different in terms of CN variation between Italian and New Zealand indigenous vascular flora (Table 3) . In all these cases, paralleling the results for the entire datasets, CNs were always higher in the New Zealand flora (see also Fig. 2 ). For the only three orders in which mean CN is lower in New Zealand than in Italy (Alismatales, Liliales and Ericales), the results were not statistically significant.
B-chromosome frequency, number variation and taxonomic distribution
B-chromosomes occur in 246 cytotypes (5.3 % of the dataset) of the Italian vascular flora and in 44 cytotypes only (1.7 % of the dataset) of the New Zealand vascular flora. Among the taxa showing B-chromosomes, their mean number is 2.03 + 1.75 in Italy and 2.54 + 1.56 in New Zealand. Since the data on B-chromosome numbers did not follow a normal distribution, we performed the non-parametric Kruskal-Wallis test, which failed, however, to find significant differences between the numbers of B-chromosomes among the two geographical areas. However, it is apparent that the frequency of B-chromosome occurrence in Italy is more than 4-fold higher than in New Zealand. Table 4 shows the orders and families involved, with their number of taxa/cytotypes showing B-cytotypes for each area: only Asteraceae (Asterales), Orchidaceae (Asparagales) and Ranunculaceae (Ranunculales) are shared among the datasets. Consequently, each of the two geographical groups showed exclusive orders and families with B-chromosomes (Table 4 ). In the Italian dataset, no significant correlation was detected between CN and B-chromosomes, while in the New Zealand dataset only a weak positive correlation (r ¼ 0.548, P , 0.001) was found.
Discussion
The New Zealand indigenous vascular flora shows a 2-fold mean CN with respect to the Italian flora. A similar pattern of higher mean CN for New Zealand was observed in most of the orders shared by the two areas. A noteworthy exception is represented by the fern order Polypodiales, whose (high) CN values are very similar and completely overlapping in the two areas. This could be explained by the extensive and ancient polyploidization (palaeopolyploidy) of the order (Chiarugi 1960) . Our results support an extensive higher polyploid nature of New Zealand compared with Continued the antipodean Italian flora, especially concerning angiosperms. This higher polyploidy is also maintained across most of the orders. Polyploidy (including alloploidy) must have been an important evolutionary factor in New Zealand (see also Hair 1966) , given that 82 % of that flora is endemic (Myers et al. 2000; de Lange et al. 2006; de Lange and Rolfe 2010; Murray and de Lange 2011) . This is further confirmed by the low taxonomic affinities at the species level among Italian and New Zealand CN datasets (which we assume here to be representative of the total indigenous vascular floras); only 0.1 % of the studied species are shared by the two areas. This is in good agreement with the assignment of the two floras to distinct floral kingdoms (Cox 2001) . The distribution of CNs that we obtained for the New Zealand dataset (Fig. 1) is in good agreement with a similar histogram presented by a New Zealand-only study (Murray and de Lange 2011) . Polyploidy was repeatedly shown to increase with latitude in the boreal hemisphere (Lö ve and Lö ve 1957; Hanelt 1966; Levin 2002; Brochmann et al. 2004) , and a similar (symmetrical) relationship was also suggested for the austral hemisphere (Hair 1966; Hanelt 1966; Levin 2002) . Consequently, one would expect that the CN variation in the New Zealand flora be comparable to that of the Italian flora, as the two countries share comparable areas and are situated approximately at the same latitude and altitudinal range. However, our results clearly show that this is not the case. This discrepancy could be explained by the different climate currently found in the two areas: temperate Mediterranean in Italy and temperate oceanic in New Zealand. According to the results presented in Bedini et al. (2011) , on a more local scale (see Introduction), we can suggest that CN variation could follow a bioclimatic rather than just a latitudinal gradient. The different polyploidy levels of the floras may also reflect the differing geological histories of the respective landmasses. Italy has had a long history of connection with the European landmass and (during much of this time) plant dispersal is likely to have been more continuous and less restricted. On the other hand, the area now occupied by New Zealand has had a long history of geographic isolation with disruption of the flora through glaciations and a possible marine inundation during the Oligocene. These disruptions have created opportunities for longdistance dispersal and establishment of propagules to the landmass, with recent and rapid species radiations occurring in new habitats (Dawson and 2008). These conditions are likely to favour extensive hybridism, alloploidy and polyploidy. Examples of polyploidy among New Zealand genera are discussed in the review by Murray and de Lange (2011) . CN per se bears little (if any) phylogenetic and systematic significance, since it is well known that many taxa share the same (unrelated) CN across different groups (Stace 2000; Guerra 2008; Stuessy 2009 ). However, recent work by G. Bedini, F. Garbari and L. Peruzzi (unpubl. data) emphasized that quantitative analysis of CN variation can be very useful for taxonomic and, in some cases, phylogenetic characterization of taxa: major superordinal clades, all orders, some families and genera of the Italian vascular flora indeed show distinctive CN variation patterns. The results of G. Bedini, F. Garbari and L. Peruzzi (unpubl. data) are largely confirmed in the present study, also including new data from the New Zealand vascular flora.
Conclusions and forward look
Our results clearly support previous data showing that B-chromosome frequency and distribution do not vary randomly in angiosperms (Levin et al. 2005; Bedini et al. 2011) . B frequencies, either in Italian or in New Zealand indigenous vascular flora, are higher than the value that can be calculated from the data reported by Jones (1995; 0.5 % of vascular land plants), even if that author estimates a frequency of 10 -15 % to be more realistic. Bedini et al. (2011) have already pointed out that the negative correlation between chromosome and B-chromosome numbers, previously found by Palestis et al. (2004) , is not confirmed for the Italian vascular flora. Concerning New Zealand, only a weak (but positive!) correlation resulted; this further confutes the hypothesis of Palestis et al. (2004) . On the other hand, the lower frequency of B- Bedini et al. (2011) in suggesting that any adaptive role of B-chromosomes at geographic scale is more likely to be found in their frequency of occurrence (much higher in Italy than in New Zealand) rather than in their number. This is because where Bchromosomes occur, their number is largely overlapping among the two countries.
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